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Abstract: The unlicensed user (the secondary user) sends the available spectrum information that it sensed to its neighbors as the
foundation of spectrum allocation in the distributed spectrum allocation process for wireless cognitive radio networks. In reality only part
of the information affects the allocation results. The transmission of redundant data not only generates extra communication cost but also
wastes computing resource in the spectrum allocation processand is therefore undesirable for spectrum-scarce CRNs and power-limited
cognitive terminals. Thus, it is a practical problem to eliminate the useless data before transmission. Based on skyline query processing,
this paper proposes a multiple-objective redundant sensed traffic eliminating algorithm called Sskychannel query processing. The
fundamental idea of the algorithm is to divide the channel space into dominate region, dominated region and free region. Each sensed
channel will be put into the corresponding region according to its parameters. The information of dominated channels is ignored, and user
only transmits the information of non dominated channels. It can decrease the network cost and save the computing resource for each user
while guaranteeing not to affect the spectrum allocation result. The experimental results also show the advantages of skychannel query

algorithm in terms of decreasing communication cost and saving computing resource.
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P TE NS0 R 44 v AR FZ RO P (UL ) 3 3k e e A 2 T, B ML 0 A e AT 9 A AR B R, e A
5 BB 1A SO AR B AL 8 45 20 1 R 0 AT U B S8 s oy e i AR

R P (o P )R S0 B 35 A 2 0] TR A0 R R, 8 R LR I N (R 9 RUAE T, T G 75 A S T
JHE G B ) B VF T DS T O R T L A U A AR 2 v B B A IR, R UG A 43 R 2 N 1 A
e A R e R M AT R A o e S U AR AR B AR 3.

T WSO S U R A R VB P R BT A TN B PR A A S EL AR AR 3 2 S b A R AR R A
ST SRS 1) 43 T 4 SR AL B T Y@ AR FL RN B A e S B0 L AR 2 AR TE A FH 7 3 B A O A% A T T M
BRI TR PR A AR R 0 4 T 25 SR 52 ) EL AL Xl U AR A5 JE R A S8 AN (SO I T 4 471 25 P M 2, 30 K T S
S R S ) M ST HLYR B T TG e A BN iy T B ) v B B R RN A B R OIR A  EAE EAT AL T G A
HEAT 97 3, AR ok 20 A o0 T2 P 0090 A% i, 4 6 B AL AL < TR B 45 U0 0 P 00t . TR b 7 1 DR AN 5% T B ik 3 T
S5 TR e ol 2 60 e 1 A7 A 10 U K8, AT o A A 1180 P T i — A I o T A B S e

WERAETE R 1 A EAR S0 WIARZE 25 15 H W0 L8530 0 B0 12 4 3 7 HE e B ] ok o ) s 50 2 A gk
SN IS SRR H bR B L 7 SCRR[3] 0, 3 H AR A2 R KA R SRR R U AR A S B IR B A o, — AN H AR
ST A ME LA R B FE P I B T SR B SR HE, P A A B LA b R e AT H A B, B SR B 2 R ) [ I 22
SRS T SR A R D T P ) N R IR 2% o i 4 B AR AE S5 AL 22 H AR I 00 SN 5845 38 S el v
B TL AR AR B DA BRI I8 A5 0, S B — A2 H bR w38 il A% SR 10 U7 V2 1 S BOR A G TG LR 5 3
— A BR LA PP A 90 2% P 1R B AR SCBR[4]H0, Zhang 58 NSRS FE & 58385 U FIRER P AN A Fo— AL A,
FIFHACE wy Fl w, 4G B — AN IE R R L 476 SCHR[5]  Baris K R VFTh 2. 1R IN2 LK QoS i K 2 2] A7
HE G B (5 1 0% MR AR R ARV AT A DRI D 2% FH P PR AN [ s 4070 ¥ A AR EE AT 65 2 1 B .

YE—Fh & S 1) 2 B AR LA g ¥ U7 75, skyline 73 1) Ab B TT LK 213 A B FLAth o5 BT 488 o1 (R 50w 5 5 HH Sk A
P2 HARLTHCT TU A B AN B R B I R T IR s p IS ¢, B0 p TR S AL ¢ ZIFBRDH 1 A5
HUR TR T g.Skyline 25 J7 VA1 35 2243 by 4 K R AR AR R 1 28 ot R 2R (10 2 0 79 54T R-trees,NN,
BBS 8555, B R T T [T LRI — AN 5|16 T 0 U B R TG 2 DA i T 4 248 3 >k 1 AN RIS
AR 2R 11578 F B BNL H0E M D&C H% %8 AR TR R 17 S s fgEdr R 51 02 BNL BVER0E N &,
i D&C % FUIE & B A 2 . Skyline 25 1) ©L2 4 A 78 22 AUk, L B 780, PaPl), T 4 A ks g 44110121
PAFE AR 2 skyline 251 HEANE A TG 2 WA 51 9 28, DA 2k 76 52 B PR JE 2 WA 601 9 298 BRI A0 A3 3 DAAT B — A rh e
SRR HEAT VSR A W, LA D DR A AT A 6 TR b SRR i B T P2P 1 43 A 3K skyline 7 ) 7 i
[FIREASE A, I o TR 2B s 2 I Dh 26 . TF 5 6E 00 FIAE i e 0 81 2 1 B X 28 3 HT 7 H AR U skyline #F
W7V 2 R IR T AE T 1R, TG B N BT B o\ R 4% ) A if .

BT 0 S DA 0 N 488 AT N K T A R SRR A PR LA B AT B ) A RS AR A S AR R AN ST
skyline ZXH$E HY T 5 0 26 TA 2001 X 48 U A S S 4503 11 55 v ——skychannel 29 REAN H 7 065 18 25 18] 14647 &)
S5, E 53 B FE I B 1 B BT v N B X 38 EAT 6 B X 35K skychannel £ 1) 40 B4R J5 AR i AS #7243
5 TEAF B IX AL R % R/ Kk (14308 15 T4, 38 S TG FH 50 000 A% i, k> T A3 4 TR 1 o1 S50 ek ().

ARICE 1 TR P 48 355, 45— SO T T SR 2 TR 4 skychannel 21 Ab B H AU 4G X 3
Risr. kAW, XECGEH . JURAE B S E LA VAR R R4 8 28 3 7104 tH R gl ) 0 TR 45 AR, o0 gk
ATWHE R 4 WX 2 3C#AT B4 N4 T — 21 TAE.

1 MEIHRFEREX

FEATSCHR SR AN AR AT RPIR G, 0 HL B )™ 32 i A0 458 ST P A5 Aol 42 P SRR A T A7 R AR 3C
ERBE R ] EEOCTE I AME SR bR AVFE BT 58 b UG D2 p A4S 7 05 SR AT B 22 1A R 53 Dy
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B8 A v AR S IR B R TR A C={cy,... )

EX 1(FERIEFIRR). W THMEE ¢ M ¢c,eC H e CUTR ¢, 34 ¢, BRN ¢=c;, 4 BAY ¢ M15
EIRFREAZE T ¢, F ARG ESRbR 4G 1T ¢

R B AT AR 1 2R e=c; H cj<ck,J”JJ C=Cy

E X 2(RFR15E (skychannel, 575 sc)). %E —HMH PR BIA T HEEA S C={ci,ca....cn} te P — M
T o FRARBRFIE, ™ HALY o A C v H AR 8 A il

TE AW AL BR 58 1S, AT 3R — A skychannel 824, 71T RINA SC={sc1(b1,p1),5¢2(b2,p2),. . ..sci(bipi) }, 55 5
BHA<k<m,SCzxZH. SCcC.

TE X ({5 1B = (8] B94% §ll X 33 (dominate region)). 5K A 7E—> skychannel, it 4 sc;(b;,p;). W ¥4 sc; 1E R X
BRI 53 (0B 200 p>py HL b>by 1) DR SRR b 45 11l X 45K

EIE 1. WG o, ¥ NG T8 25 [A] 428 10 DX 330, D)2 K e A — A BT Y- skychannel, I H.— 5 #5518 43 [ A7 1)
skychannel.

WYV (bypy)e CARTE cg ¥ N LK sci(by,p,) R 43 145 ) DX 3 AR 72 3,3 A1) LIS 3 b,>b; . p>p;. T LA
oo, BOFEGIT sc.. AR skychannel 2 [A] A g BAHAE LRI AT 1 SC &6 AT —AMEE T LA S b=
by H p>p, B# b>b; H p=p, . OFH c, W T sc;, WEA EA] skychannel 7] LAFE I ¢, R 502 38, A AE7E skychannel
AR 33 b=0b, H p>p, 88 6>b, H p=p,.Hl,c, &—#i 1 skychannel. O

EX 4({F1EZE B I # % X i (dominated region)). [RiZF7E{E—4 skychannel,id K sci(b,,p,). W HFHG sc; 1EH
DX 3K 43 1R Bt A, 0 p<py L b<b; TR DX IR Ay A 4 DX

TEER 2. MRS ¢ ¥ NG 25 M IR Bl 28 DB, B 1 78 138 4 skychannel [T 4% i, AN B 54 #1 1) skychannel.

Ve, (byp,) € CAB ¢, ¥ N LA sci(b,p) Rl 53 B X3, i 4t 2 S 4, 3RATT 7T LAAS B b,<b; H. p,<pj.c, /1
B sc; Tl T TG ek — > B ) skychannel. O

EX 5({F1E = BB B B X1 free region). %17 {E—> skychannel,ic 4y sc;(b;,p;). W R sc; 1E b X 38k %1 43
I 5,0 p<p; B b= b; FIX I p=p; B b<b; [F X 3B FR N 5 B X3

EE 3. WEREE o, BAEE A A B X80 7] fe 8 skychannel, {47 ] 84 skychannel Jr#% i,
HTAE B A N 1 IR A A R

2 Skychannel &Eifj {b 12

LEIEAT A WL B T, 20 (ETEHE L C(bap)={c1(B1,01)sC2(B2sD2)s - sC(BnsPn) } 56 JRET B4 A AR TIE B A
17 QoS. 2 ZEKF AR I 7 1 75 5K Ay 2% 2 i B AR, AR S 4 [DmaxoPmin AN [Brnaxs Pmin ] AN 1 1 DX 1] L P45 308 K04 K5
G|V N e W) O e LT 7= i NS S T 2 e N = W u o (o = = | ISR TR S o
WEEES CHEEREA n..
SEGT JEERAE I X skychannel 54 BEAT W1 4G40 ¥ B, I 58 ORI 20 1 DX sk i 23 4R 5 X € 384T skychannel 2
W ERAE AR A 2 S W 5507 skychannel 87, ] I, 77 URR it 75 22 8 485 DX 35l K1) 73 A RT 75 190 {ED N P45 3 40
J& T H A I — AN X3 B BNL A 550923, 1T DA 2> AN 05 2 11 A 1) B[]
o TE TR X 4R (145 A E S — AN BT skychannel SN SC 54 [RI B, B4 37 1 skychannel 2]
HI R skychannel £ Hy SC 454, K4 B 1 Be g br AN B AR 34 F P 7034 4% 47 30 05 2= 4R 1l 137 1)
skychannel.
o IAEAMEEREINEEEBEANE SC A, BN BRI & T A W AW skychannel, A /)N
IR B .
o VAN HH DX AE R R T A, S 7R 1 B B X3 skychannel #E1T LA
&% 1. Skychannel query.
Input: C(b,p).
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Output: SC.
(1)  Cb,p)y={ci(br.p1):c2b2,pa)s- s Cn(bimsPm) };
(2) SC=G; n=m;
(3) forj j=1:m do
(4) i pPinax [P <Pminll> Dinax||b;<brmin then
(5)  C(b,p)=C(b,p)—{ci(b;pp)}; n=n-—1;
©6)  SC=Ci(br,p1);
(7) For g=l:n.do
(8) If ¢, falls into free region then
) Rejudge;
(10)  else if ¢, falls into dominate region then
(11) Update;
(12)  else if ¢, falls into dominated region then
(13) C(b,p)=C(b,p)—{cy(bypy)}s
(14) Transmit query result SC to neighbors;

2.1 Xigxe

LE S 1 23 TR HEAT X ek 1) 40 1, 1 2 B 58 B skychannel £ & AT AL ERAE AR (S IE4E S CINEE 1 T
F ci(brp) ¥ E A 1/ skychannel JTTH scq, I BARYE T S H by A py W5 T8 7 W JEAT KA R 43 48 J5 R I
BB MEEES C PRHARTTE BRI S T KI5 8 25 (8] AT A0, 9 38T skychannel &6 75 & )i #2
rh SR A0 25 SR TE BT skychannel 28GR 4 75 2 R 4 DX 3K 43 (R R AR 3 7 2

TE X 6(X I X 52 IR ). K5 1 2 [ 1647 K1) 43 DX I skychannel 20 H ng,, FR8 4 XS8RI 43 (000E B2 AR 48
Pgiy (R IR /AN, T 3k KRR B8 DR A58 K1) 4 60 8 s 55 DXl ) 2
2,11 AR X & 4y

DX 3K 43 B T FEORHL, %o V7 (18 4 ol X 3 AR A 428 DX 358 (1 TR 3t A /N S B A5 38 ¢, ¥ N BT R DX PP O 23 gl L
BEOR, T BAC P K B (R EAT — Ik A Ay

WP 1(a) T, AT RANA A sc; KKl 43 3 2 ) ] LA 39

SRR
Area o= (Dmax—bmin) X (Pmax—Pmin)
2 T X T A
Area=(bumax—b)*(Pmax—p;)
e 25 X g IR
Aread:(bj—bmin)X(Pf_Pmin)
SIS TR

Area, = Area,,, — Area, — Area,

total
= Brax = Brin) X (Prnax = Prnin) ~ B =0,) X (Do = P;) = (B; =i )< (P = Proin)
=0, = Bpin) X (P = P;) + (B —=0))X(P; = Pryin)
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A Skychannel A fglej]relzglfj; Skychannel
Do / Prmax ¥
sc i
Free region @™ Dominate n Tiiniiininse Dom}nate
(b | resion e
se; | b sty
p; e pj
®
®
Free region
(I HX )
o scy (@ pp k
0 bmin b; Dimax 77 0 bmin by - by b b"‘a:b
(a) RURLIE DI85 Jo) P b 215

Fig.1 Examples of region division
Bl1 o XI5 R4

2.1.2 4R X 7

DX IR 3 PR AL PSR 0, o 7 1 4 ) DX R A 42 X3 ) T R st B A, DU A5 T8 9 N 4 o) DX 3 A 42 IX i K i
R A AN, T 0 A ) (08 I TRD A TR DX IR 23 ahe LA it B 1(b) B, n SRR 4 T 1) skychannel K6
5 T8 73 [ AT R AR 43, 24 (518 ¢, % N B B RN o, N ATAT skychannel BT 2 i, AN 7 75 2 AT v] L.
FLIN skychannel 484 ¢, AT REFE T T 4545 DX 3010038 43 A5 1. WL Ak e, AN AT BEFE I AT IR skychannel, R AN 7 2
MEEA H MR )5 BIATAT skychannel.

o A D IF AR

iy

Area(: = Z(bmax - bj)(pj—l - p/) (5)
=1
o BRI
Area, =Y (b,~b, X, = Do) ©)

o XA

Area, = Area,,,, — Area, — Area,

total

iy iy
= (bmax - bmin) x (pmax - pmin) - z(bmax - bj)(pj—l - pj) 3 Z(b/ - bj—l)(pj - pmin) (7)
Jj=1 J=1

Hypy +1

= Z (b, =b, )x(p;,.i—p;)

:/H\: I:F'apO:pmambO:bmim Puyn1 = pmin’bnd,-vﬂ = bmax'

HT G T DA HY < D sk 23 (K057 BE R AR, 1 el DX Sl T AR A0 /D, 2R S8 AT — U8 40 BT A 9 4 I )t gl e 2>
BRI AT A4, 2 29 ) W £ 30 R T 8 A DX 3BT 5 A Bl P I TD AR 22 DAL 2 ] e v A BRI R AR, A A 1
ATV AR A B ) 753 AR G S g o o2 — A A 25 25 16 1 T
22 BERREMNZXRER

EX 1(ZREEEE). el fFEE A a XK IRAA skychannel {8 FR Oy — A B
prqz.

AFE RN H XN I A AT 1 AEZE A skychannel, BEIN 5 25 = A ). W1 R AT skychannel £7

TEIE 7 B DX A AR TE A B AT 4] skychannel BTa )], o] LUE ) — /N $7 1 skychannel HHZI skychannel
A iy AT LA AR T 10 R PR BAT R E AT I DL R, IR IR pr, AL B 1 DSEARAR G, i
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SC B A R AAE g X3 K 431 48 1 skychannel 35 H AH G

i, +1
Area, n, )3 (b;=b; )x(p; = p)) ~
pr, =L D 100% = - e M 100% ®
" Areatotal nsc (bmax - bmin) X (pmax - pmin) nsc
Area A ‘
Stopt, T RN S B T T R 1 D Y 47 41 BB 4 KR skychannel #1018,
Ty n.

SRLIE ngy 55T nge W, IR WORER D O, BEIN AN 5 SEHEAT — U 0.3 HLURE 73 588 A A5 T PR J A AP VAT A AT 23 A1
FRAE, DR T SR Jem P S IR S A WA I IR A T e P 1 5 A G 1O T 5 X TR DG R AN K.

T SRR AN T8 TR AT DAL 2R 20 IR A AEREAT KBTI, T 2K 1 by DI A X BN ) skychannel
BEAT K 3 EARHAT  Skychannel ) 4530 LS w25 0 R4 R DA R A HDRE B R 20 (KRS BT B ER X
skychannel 2 H B8R, U1 R BNL S0 4T — CH ) 54 46 2R 2 A v IS ).

b, T S A 53008 25 10 AT 400 RE R 43 B B ) R v U m] DA% B BNL Sk 0T, A e
[X 45 1) skychannel ¥ H /0, 1 BNL 52 15 1 bb 4 28

3% 2. Rejudge.

Input: SC, cy(by.p,)-

output: SC.

(1) if ng—n,4;,=0 then

(2)  SC=SCu{c,};

A3) else for j=1:n, do

4) if sc;<c, then

(5) C(b,p)=C(b,p)—{cy(by:py)};
(6) else if ¢ ,<sc; then

@) SC=SCU{c,}—{sc;};

®) else SC=SCU{c,}

2.3 =4l X 13 Bskychannel & #

WRFr A WA IE o, B ANFE W X80, & B — AN B skychannel sc,. 28R ,sc, S — 28 2 FH 1
skychannel, L6 1 /5 24 X 3R 73 4K 48 1) s¢;. 5 s¢; #BIT 11 skychannel W70 1] BE#E sc, 32 il 0 I, 75 2@ 1) g N
J 8 DR A5l ¥ 2 00k BB skychannel 55

&% 3. Update.

Input: SC, sc,, sc;.

Output: SC.

(1) SC=SCU{sc,}, d=j;

(2) While j=0 do

(3) if sc <sc; then

(#)  SC=SC-{sc;};

G L
(6) else break;
(7) j=d+1

(8) While j<kdo
(9) ifsc,<sc; then

(10)  SC=SC-{sc;}; j=j+1;
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R & R KA W 40 A R SR

an

else break;

(12) Redivide the space according to the query result

Wl 2(a)F Fros (R G =

1119

AR sc; HEAT R 43 AT TE ¢ V& NI 38,22 e — A skychannel 2245 IRITH sc,.

WP 2(0) TR, sc, 3 T sy i) 4R SEAT R sc; BT 4 se, B, ) b 10 2 i Ve 28 b i) R 0T 25 i
BAE s B scy PR AREE 1) PAT B UTHRAE jsci0 AHE s, 1L, BEIN, ) R A AE 2 1B\ skychannel 484
MBS sc, YEHIIR sc; BT scpr, I AR sc, B0 A 38 2% (3R AT X 4k 4

A 4 . .
r Skychannel P Skychannel Dominate region
» , (I s0)
- sei Dominate max g ) é o
i o i ree region i
Free region ® region
. 2311 [X 43 i ©~
CHE) (el (EhxE) O
c: )
Pj - ® 2 3¢ o
: . .
sciv1 (@ . . $€1 Free region
€2 . (19 X )
Free region . . r
(A HX ) Dominated region
O) .
Pmin A Prmin
0 buin b; Binax Z 0 bmin P “b
(2) (b)

Fig.2 Update skychannel set
Kl 2 Skychannel 426 B8
24 AREBEERE
fEA W E] skychannel 545, i 2245 5 B 73 0 5 SRR % B RE ) R0 5 5 A% S 15 S 10 skychannel 5 H .t
I 5 A P ) AL
1) 4 skychannel 525 h 70 2N HOK T 7 22 A% 4 (045 20N, QT A skychannel 48 5 i U5 R
2) 4 skychannel 42176 2 ANMUIN T 9 L6400 10 55 REHO 1 A skychannel s e R 4 5 L.
AT AR s B H 5 A i SROAN AT ) i) 850, AT LK A5 0 2 1) 4 22 A L 3 s A T A 5 e i i 45 2

L= TR L L S T N

Pmax

Fig.3 Hiberarchy of channel space
3 (RN R L
HRA 23 2 LW 4 R B TU R AR B B FL G
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1. 7E[R— )2 skychannel 54 4% 8 7 58 8 1 10 i e HIE I 42 0 3k B35 A% 3 10 47 38 15 BN 7E 81 3
S 1 JZ skychannel &4 H, W S H i T8 p,WEE 1 /2 skychannel HET N {c1,ca,¢3,¢4,5.¢6} AEAEHIE
TEHCh 3 W, NP E B {c1,00,05 } BEAT .

MU 2. Wi 1 )2 skychannel 3 H /N BT s G H H WK IKIEE T — )2 skychannel & )2
skychannel # N 1 HE 7 Le e AL (5840 7 MIEHLT,5 1 )2 skychannel AN e AL AL 47 3K, A ES 2
2 skychannel "Z RN p MAZNTIEEL o7 I B TE AL A 15 2 B A R HE BN {€1,62,03,4,C55C6»
cr}.

ST 1 RN 2 B A R B0 00 A5 SR T kA U L T R AN R AR D TUARAF
2.5 BEAMITES AR

AT T B 2 H BR 20T T B OC AR R A A i) LT SRk 4 AR K A ) (maxima finding
problem),{H & X A5 Fr AN [F:

o SR ITYERROR A i I 7E A 2 T b SR AR AR K s R LR I VAR LU R — X A EE BNL 8, o R

AR, A 5 R AN 5y A FH 4390 SR D&C SR A v R AR K R In) B, S R o Bl 1 B X
A RN GR A PR 40R 5 T3 VT M R PR A1 R IR OR R 05 i K A 4R B PR AR OR R i 5% A 2k
PR G AR K S A I S LR E A i A S A .

o  FRAIITIRH MIHBRTUA B AN HHE 1 skychannel £ 5 vk, 2l i X4 R 4 SRk 47 2 4k, 50 I Wi dn 45
T B T WA DX 35k, 2R 5 B AR A A SV DX 335 PR e D)3 AT Ak 33 3ok DX 3K 43 8 T R YL A4S A R TR R R
T, BT B S Ab AT A R R AR RIS VT DAY R B S R R A R R 3 AN e S O B A
AN 8 2 ) 4% HR skychannel il 43 24 25 (8] DX e, 0 IF ) B H X 38T FR R BL 1/ skychannel 2k %153 X
A A, A A TR ) 1 R DX R 2 BT = 4 (R B DX 6 B, 3R, A ) ) R B 3G Kk
16 H i X I IEAR AT skychannel 25 ) 572 0] DLARIE A 20K

25 BT iR skychannel 25 ) 5021 32 B R ILAE:

1) ADFRFES IR, W] LUE & TR 50 R 4 R 45 A i IR BT

2) DX AT IR U VA 15 A U R B v, I ELIX IR 43 1k e L A 4 e, T RR A S s 7 A S K1)

B AT AR A W SRE T I R
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